Artocarpus plants have been a focus of constant attention due to the potential for skin whitening agents. In the in vitro experiment, compounds from the Artocarpus plants, such as artocarpanone, norartocarpetin, artocarpesin, artogomezianol, andalasin, artocarbene, and chlorophorin showed tyrosinase inhibitory activity. Structure-activity investigations revealed that the 4-substituted resorcinol moiety in these compounds was responsible for their potent inhibitory activities on tyrosinase. In the in vitro assay, using B16 melanoma cells, the prenylated polyphenols isolated from Artocarpus plants, such as artocarpin, cudraflavone C, 6-prenylapigenin, kuwanon C, norartocarpin, albanin A, cudraflavone B, and brosimone I showed potent inhibitory activity on melanin formation. Structure-activity investigations revealed that the introduction of an isoprenoid moiety to a non-isoprenoid-substituted polyphenol enhanced the inhibitory activity of melanin production in B16 melanoma cells. In the in vivo investigation, the extract of the wood of Artocarpus incisus and a representative isolated compound from it, artocarpin had a lightening effect on the skin of guinea pigs' backs. Other in vivo experiments using human volunteers have shown that water extract of Artocarpus lakoocha reduced the melanin formation in the skin of volunteers. These results indicate that the extracts of Artocarpus plants are potential sources for skin whitening agents.
Introduction
Throughout the ages, human have relied on nature to fill their basic needs for the production of food stuffs, shelter, clothing, means of transportation, fertilizers, flavors and fragrances, and, not the least, medicines. Plants have formed the basis of sophisticated traditional medicine systems that have been in existence for thousands of years and continue to provide humankind with new remedies. Although some of the therapeutic properties attributed to plants have proven to be erroneous, medicinal plant therapy is based on the empirical findings of hundreds and thousands of years and is of major importance to the health and well-being of humankind. Although many of these useful drugs have been synthesized, only a few of them are produced commercially. Plant sources remain extremely important, not only in producing drugs, but also in providing novel biologically active compounds from which potentially more potent and less toxic drugs may be synthesized [1] . Around 35,000-70,000 of the 2,500,000 known species of higher plants has been used for traditional and modern medicinal purposes in international trade [2, 3] .
Tyrosinase (EC 1.14.18.1; PPO) is a key enzyme for melanin biosynthesis in plants, microorganisms, and mammalian cells. This enzyme catalyzes two different reactions: the hydroxylation of monophenols to o-diphenols (monophenolase activity) and the oxidation of o-diphenols to o-quinones (diphenolase activity) which, in turn, are polymerized to brown, red, or black pigments [4a] . Many tyrosinase inhibitors have been tested in cosmetics and pharmaceuticals as a way of preventing overproduction of melanin in epidermal layers [4b] . Alterations in melanogenesis may be responsible for some of the clinical and histopathological features unique to malignant melanoma [4c], a cancer whose incidence is quickly rising [4d]. Pigmentation is one of most obvious phenotypical characteristics in the natural world. Of the pigments, melanin is one of the most widely distributed and is found in bacteria, fungi, plants, and animals. Melanins are heterogeneous polyphenol-like biopolymers with a complex structure and color varying from yellow to black. Their biosynthesis can be observed by anyone who leaves the surface of a cut apple, potato, or banana exposed to air [4a] . The major source of skin color in humans is melanin. Melanin pigment is produced in highly specialized cells, termed melanocytes, which are located in the basal layer of the epidermis. Melanocytes are dendritic cells in close contact with neighboring keratinocytes, and together they form the epidermal melanin unit, whose function is to produce and distribute melanin in the skin. There are two types of melanin, black/brown eumelanins and red/yellow pheomelanins, which exhibit distinct physical and biological properties [5a,5b] .
In the search for a new whitening agent from plants, some researchers have focused on Moraceae plants. The Moraceae family comprises sixty genera and nearly 1400 species, including important groups such as Artocarpus, Morus, and Ficus. Moraceae plants are rich sources of isoprenylated phenolic compounds (see Figure 1 ), including flavonoids [6] . The genus Artocarpus comprises approximately 50 species widely distributed in tropical and subtropical regions. Some species of this plant have been used in the traditional "Jamu" folk medicine in Indonesia against inflammation, malarial fever, and the like. The plants are known to produce a variety of isoprenoidsubstituted polyphenols containing the unique feature of an isoprenyl side chain, as well as a 2',4'-dioxygenation pattern in ring B of the flavone skeleton, and some of these compounds show interesting biological activities [7a,7b] . The Artocarpus plants have properties that remedy disease: supplying cooling, tonic, and pectoral relief (the pulp and seeds), alleviating diarrhea and fever (the roots), acting as a sedative for convulsion (the wood), activating milk in women and animals and acting as an antisyphilitic and vermifuge in humans (the leaves), and relieving ulcers and wounds (the leaf ash) [8] . Many researchers are seeking a safe and effective whitening agent, and one focus of their research is Artocarpus plants. We conducted in vitro and in vivo experiments with the goal of clarifying the effectiveness of whitening agents from Artocarpus.
In vitro studies
To evaluate whether the extracts or compounds prepared from Artocarpus plants have skin whitening effects, we performed in vitro tests of tyrosinase inhibition and melanin formation inhibition in B16 melanoma cells.
Tyrosinase inhibition: Various compounds from
Artocarpus plants have been reported to have tyrosinase inhibitory activities. Artocarbene (1), a stilbene compound, was isolated from heartwood of A. incisus [9a,9b] . The stilbene compounds with tyrosinase inhibitory activity such as artogomezianol (2) and andalasin A (3) [9c] were isolated from the root of Artocarpus gomezianus. Artocarpanone (8) [10a], a flavonone, and chlorophorin (5) [10b], a stilbene, were isolated from sapwood ( Figure 2 ) of Artocarpus heterophyllus. In addition, flavonoids such as norartocarpetin (11) and artocarpesin (12) [11, 12] were found in wood and twigs of A. heterophyllus. A summary of tyrosinase inhibition of representative compounds isolated from Artocarpus plants is presented in Table 1 . Interestingly, the active compounds have 4-substituted resorcinol as a common moiety ( Figure 3 ). This brief structure-activity relationship could mean that the 4-substituted resorcinol moiety is important for inhibiting tyrosinase enzyme activity. In addition, it should be noted that artocarpin (21) did not show inhibitory activity, in spite of having a 4-substituted resorcinol moiety at ring B. Therefore, to clarify which substructures in polyphenols isolated from Artocarpus plants are important for inhibiting tyrosinase enzyme activity, further structureactivity relationships were examined in detail. Among five stilbenes (artocarbene, (1), 4-prenyloxyresveratrol (4), chlorophorin (5), and oxyresveratrol (6) from Artocarpus plants, and pinosylvin (3,5-dihydroxystilbene) from other sources), compounds 1, 4, 5, and 6 having a 4-substituted resorcinol moiety showed potent tyrosinase inhibition, but pinosylvin did not. Therefore, in the case of stilbenes, the 4-substituted resorcinol skeleton must be the most important feature for revealing potent tyrosinase inhibition.
As shown in Figure 4 , the flavonoid isolated from the Artocarpus plants have a common substructure, more specifically, a 4-substituted resorcinol moiety at ring B. In contrast, artocarpin (21) and morin (27) did not show tyrosinase inhibitory activity, in spite of having a 4-substituted resorcinol moiety at ring B. These results indicate that for flavonoids not only a 4-substituted resorcinol moiety but also additional structural factors are necessary to reveal tyrosinase inhibitory activity. In the case of flavonoids having a 4-substituted resorcinol moiety, the flavanone type compounds (flavanones and their C3-substituted derivatives), e.g., (+)-dihydromorin (7) showed a stronger inhibitory effect than that of the corresponding flavone, morin (27). Introduction of a C3 a b
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Arung et al. [a: (+)-norartocarpanone (9), b: 4-prenyloxyresveratrol (4) for DL-DOPA as a substrate] is shown in Figure 5 . The mode of inhibition by all tested compounds was competitive. The structure-activity relationships based on polyphenols isolated from Artocarpus plants are summarized in Figure 6 [9b].
Melanin inhibition in B16 melanoma cells:
There have been only limited in vitro experiments using B16 melanoma cells treated with Artocarpus plant extracts.
Recently, some prenylated flavonoids were found to be more potent to reduce melanin formation in B16 melanoma cells, including artocarpin (21), cudraflavone C (22), 6-prenylapigenin (23), kuwanon C (24), norartocarpin (25), albanin A (26), cudraflavone B (15), brosimone I (16), norartocarpetin (11) , and artocarpesin (12) [13] [14] [15] see Table 2 and Figure 7 for details). These compounds were isolated from sapwood of A. heterophyllus. The introduction of an isoprenoid moiety o a non-isoprenoid-substituted polyphenol [apigenin (28)→6-prenylapigenin (23) and morin (27)→albanin A (26)] enhances the inhibitory activity of melanin production in B16 melanoma cells compared to the activity of a non-prenylated flavonoid (Figure 7) . Arung et al., [15] focused their investigation on the melanin inhibitory activities of norartocarpetin (11) melanoma cells to understand the effect of the isoprenoid moiety of flavone with the 4-substituted resorcinol moiety at the B ring. As shown in Table 2 , norartocarpetin (11), artocarpesin (12) , and albanin A (26) with a 4-substituted resorcinol moiety at the B ring showed melanin biosynthesis inhibitory activity with less cytotoxicity.
Interestingly, artocarpesin (12) and albanin A (26) showed more potency in down-regulating melanin formation in the cells than did norartocarpetin (11) . Based on IC 50 results, it seems that the position of the isoprenoid moiety does not have marked effect on the inhibition of melanin formation in B16 melanoma cells. Thus, the existence of an isoprenoid moiety in the C-3 or C-6 position in artocarpesin (12) and albanin A (26) may enhance its capability to inhibit melanin formation in B16 melanoma cells. These results may support our previous assumption [13, 14] that isoprenyl-derived substituents (prenyl) may be important structural moieties as far as the melanin biosynthesis inhibitory activity of polyphenols is concerned. The presence of a prenyl group in a flavonoid structure increases its hydrophobicity, which would be expected to enhance affinity for lipophilic membranes and the related pharmacological and biochemical properties [16, 17] . However, the mechanism of the melanin biosynthesis inhibitory activity of isoprenylated polyphenols remains unclear.
In vivo studies in animal:
The in vivo investigation of Artocarpus extract was done by Shimizu et al., [18a,18b] in guinea pigs. Methanol extract from the wood A. incisus had a whitening effect in the skin of guinea pigs (Figure 8 ) and as well as the active compound, artocarpin (9) ( Figure  9 ). As these figures depict, the extract of Artocarpus plants, represented by A. incisus, was able to lighten the skin of a guinea pig and has potential as a skin whitening agent.
In vivo studies in humans:
Other in vivo experiments with humans as volunteers were performed by Tengamnuay et al.
[18c] using water extract of heartwood of Artocarpus lakoocha, which reduced the melanin formation in the skin of volunteers. The main compound in the heartwood of this plant is oxyresveratrol (6) . A. lakoocha extract apparently produced a faster onset of significant whitening effect, requiring only 2-4 weeks of application depending on the type of formulation and area of application. The oil-in-water emulsion appeared to provide better whitening activity than the propylene glycol-based solution. Considering the low concentrations employed in this study (0.10-0.25%), the extract shows great potential for use as a safe, effective, and economical whitening agent in the cosmetic industry. 
Control (DMSO) MeOH extract of Artocarpus incisus

Conclusion:
The compounds isolated from Artocarpus plants showed potential as skin whitening agents in vitro in tyrosinase and melanin inhibition assays ( Figure 10 ). In addition, experiments in vivo in animals (guinea pig), and in human volunteers have proved that the extracts from Artocarpus plants are potential sources for skin whitening agents.
